INTRODUCTION
MY remarks are based upon impressions gained during the last four years in examining patients in a Centre for peripheral nerve injuries set up by the Ministry of Health. These cases now number well over 1,000. I examine all of them soon after admission and, in many cases, at intervals during their stay in hospital. After discharge the patients return for review every three months for the first year, twice during the second year, and again at the end of the third year. This method gives good opportunity for following the progress of cases and, on the whole, the follow-up arrangements made through the Ministry of Pensions and the Services have proved very satisfactory.
In dealing with a subject in which there are so many independent variables, figures are apt to give an unjustified appearance of precision and finality and to prove a less valuable guide to prognosis than the impression left by the examination of a large number of cases.
The cases admitted to the Centre include lesions of widely differing severity and causation, from simple contusion at one extreme to complete anatomical severance at the other. Between such extremes a great difference in prognosis is naturally to be expected and I shall confine my remarks to an examination of the results in those cases where the nerve has been completely divided in the initial injury, or in which the damage was sufficiently severe to require a complete division and suture at the time of operation: that is to say to the results of secondary nerve suture. As regards the prognosis in incomplete lesions, whether due to contusion of the nerve or to penetration of its structure without complete division, I have on the whole been impressed by the remarkable extent to which such a nerve may recover of its own accord; the spontaneous recovery of an injured nerve is often as surprising and gratifying as that of a sutured nerve is disappointing. Further, it is proper to distinguish clearly between recovery of function in an injured peripheraI nerve, and the recovery of function in the part innervated by it, and these two aspects of the problem will be considered separately.
FACTORS INFLUENCING RECOVERY IN A DIVIDED PERIPHERAL NERVE
Anyone who has examined a large number of peripheral nerve injuries over a period of time cannot but have been impressed by the very great variety in the ultimate result and it will serve as a useful point of departure to describe what may be considered to be the normal expectation of recovery in the individual nerves most commonly injured, when they have been sutured under favourable conditions. We can then consider additional factors which may influence the average result either favourably or unfavourably.
Radial nerve.-The radial nerve is by common consent in a class apart and the results of suture of this nerve are incomparably better than those of any other. In an uncomplicated suture of the radial nerve trunk in the arm one can safely predict a satisfactory AUG.-NEUR. 1 548-Proceedings of the Royal Society of Medicine 32 recovery of function in all the muscles innervated by it, including the three long extensors of the thumb. It is true that the muscles do not, in the majority of cases, recover their full former strength so that there may be a considerable residual disability in the case of heavy manual workers; but for those who are not called upon to exercise great muscular strength, the results are extremely satisfactory. It is an unfortunate fact that the anatomical arrangements of the radial nerve in its distal part make suture at that level difficult, and for this reason the prognosis of injuries to its important dorsal interosseus branch are poor compared with those of the main trunk. However, the restults of radial nerve suture are such that every effort should always be made to secure end-to-end reunion of this nerve before other procedures, such as tendon transplants, are embarked upon, however satisfactory these may be in themselves.
Ulnar nerve.-At the other end of the scale in the upper limb is the ulnar nerve, where the results of suture are on the whole extremely disappointing. This is the more surprising as the nerve pursues a superficial course, is readily accessible and is often severed in injuries which cause minimal damage to surrounding tissue and little loss of continuity in the nerve. Following suture of the nerve in the arm it is usual to see good recovery of movement in the flexor carpi ulnaris and the portion of the flexor profundus destined for the little finger, together with recovery of sensibility to pin-prick and extremes of temperature in the ulnar cutaneous area, and occasionally recovery of sensibility to touch. But very rarely indeed does one see any effective recovery of voluntary movement in the ulnar intrinsic muscles of the hand. This is equally true of lesions of the ulnar nerve in the forearm or at the wrist; and as the innervation of the intrinsic muscles represents the principal contribution of the ulnar nerve to function, the permanent disability is considerable.
Median nerve.-Intermediate between the radial and ulnar nerves is the median. This is less frequently divided without associated tissue damage than is the ulnar, and yet the functional results of suture are more satisfactorv. In lesions in the arm it is usual to see a good recovery in pronator teres, flexor sublimis and profundus and even flexor longus pollicis. The median intrinsic muscles of the thumb, like the ulnar intrinsics, seldom make a satisfactory recovery, but in their case the functional disability is slight. On the sensory side, recovery of crude sensation to pain and temperature is the rule and in a considerable number of cases there is some recovery of sensibility to light touch. In a small minority this proceeds to a point where the lightest stimulus is appreciated and in these compass-point discrimination at I cm. or even %2 cm. may become accurate in the affected finger tips. The principal contribution of the median nerve being its innervation of the forearm muscles and in the provision of a considerable portion of the sensation of the hand, the practical result is thus fairly satisfactory.
Sciatic truink.-In the lower limb the three principal lesions encountered are those of the sciatic trunk in the thigh and of its terminal branches, either in the popliteal space or in the leg. Lesions of the sciatic trunk often lend themselves to satisfactory suture, but the results seldom justify the surgeon's hopes or the patient's expectations. It is usual to see reasonable recovery of voluntary power in the gastrocnemius and soleus and often some in tibialis posterior. These muscles together provide fair plantar flexion at the ankle althouglh with an abnormal inversion of the foot. Recovery in the flexors of the toes is very exceptional and I do not remember having ever seen anv in the intrinsic muscles of the foot. The muscles innervated by the peroneal nerve are even more disappointing. In the majority of cases no recovery at all occurs; but in some weak contraction appears in tibialis anterior and the peronei and even occasionally in the dorsiflexors of the toes. The combined action of these muscles, however, is seldom sufficient to dorsiflex the foot against the action of gravity and so does not enable the patient to dispense with a toe-elevating device. On the sensory side there is commonly recovery of crude sensation to pin-prick and temperature in the distribution of the sciatic nerve including the sole, which serves to protect the foot to some extent from blisters and other injuries, but often at the price of a good deal of spontaneous discomfort and of aching after exertion. The foot remains an inefficient instrument. The arches become depressed and callosities develop under the metatarsal heads and readily give rise to infected corns and ulcers.
Peroneal nerve.-Lesions of the terminal branches of the sciatic give results in their respective areas very comparable with those of the sciatic trunk. The poor results of peroneal suture are the more disappointing owing to the superficial position of the nerve and the frequency with which it is divided with little surrounding damage. A fair sensory recovery is the rule, but in many cases the muscles of the anterior and lateral tibial compartments remain totally inactive, and in the majority so weak as not to give anv useful recovery of function.
Tiblal nzerve.-In the case of the tibial nerve the return of crude sensibility in the sole can be expected, but muscular recovery seldom proceeds beyond the proximal mulscles of the calf.
Generalizations.-From these observations it is lermissible to make twvo generalizations:-(1) That the smaller the muscle and the more delicate its function the less likely it is to make a satisfactory functional recovery after a period of denervation. This is in conformity with the relative recovery of function seen after lesions or illjuries to the central nervous system. It might be suggested that the important factor is merelv the klistance which the new fibres have to grow, since the small muscles wvith delicate functions are, in fact, those situated in the periphery of the limb. Against this interpretation, lhowever, is the fact that the prognosis seems to be no better wvhen the nerve is divided clistaily, as for example in lesions of the ulnar nerve at the Nvrist; and again the distance (loes not seem to interfere with the restoration of sensory function in the distal area. anything approaching complete restoration, nevertheless it represents an improvement progress seems to be Fttle influenced by the distance they have to travel.
(2) That on the whole, from a functional point of view, sensory recovery is more reliable and more satisfactory than motor recovery and although it seldom proceeds to anything approaching complete restoration, nevertheless it repres-nts an improvement wlhich in most cases, in itself, justifies the suture of a mixed nerve.
CONSIDERATION OF FACTORS MODIFYING THE AVERAGE PROGN'OSIS IN CONINION PERIPHERAL NERVE INJURIFS
(1) Nature of Wound.-Unfortunately many l)eripheral nerve injuries are not clean Surgical divisions but are complicated by heavily infectedco0mpound fr,ictlures, by severe destruction of the soft tissuLes, or by considerable loss in continuity of the nerve itself.
All these factors affect very adversely the prognosis in nerve suture. rhe presence of a iarge amount of scar tissue or the loss of :hernormal muscular bed in which the nerve lies, greatly decreases the prospect of recovery. Even more so does loss of continulity in the nerve itself, necessitating complicated maneuvres and extensive dissections to enable the ends to be approximated. One has seen many ingenious surgical procedures adopted to overcome this gap, but my impression is that the more they arec necessarv, the less are they worth while.
(2) Date of suitutre.-The period of time elapsing between division and secondarv stuture of a nerve is a factor wvhich might be expected to have an important influence on the final outcome. It has been our practice to allow the minimum of three months to elapse between complete healing of the wound and an attempt at sututre. This rule has becn observed to avoid any possibility of operating on infected tissue. In many cases the interval has, in fact, been longer for patienits may have travelled for many iionths before arriving at the Centre. and since they are often admitted in fairly large groups a sLirgical bottleneck is apt to be created which has tended to prolong the period before suture. On only one occasion has sepsis been encountered wvhich stiggests that on the wvhole wve have been more conservative than is necessarv on this account. Ifit could 'be shoxvn that cases do better with earlier suture the fear of sepsis should not delay operation in the future as long as it has done in the past. On this point I have little information, hUt in the earlier years of the war when cases were fewer and surgeons' knives were sharper, some cases were operated on considerably earlier. Again, cases turn up from time to time which have been sutured elsewhere within a shorter time of their injury, and I have the impression that the results have been more favourable than the average.
(3) ldividutal factors.-It is reasonable-to suppose that in nerve regeneration as with ainv other process of healing, individuals may vary: but of the factors responsible for this variation only one will bementioned, namely the age of the patient. Our cases have included a number of air-raid and other injuries in children under the age of 15 and agood many Service cases under the age of 20. Thev have left the strong impression that, other things being equal, the younger the patient, the better the outlook. Vice versa the prospects of recovery in elderly people are extremelv poor, and one doubts whethersutuLre of peripheral nerves is of real value after the age of 50.
In examining our results it is very striking how often in the cases which do better than the average one finds one or b)oth of these factors--a youthful patient or an early suture.
(4) The surgeon.-A factor in prognosis which a physician can only mention with some (liffidence is the surgeon performing the operationi. Naturally, working at one centre, one has had thegreatest opportunity of observing the results of one surgical team, but the junior personnel has varied considerably from time to time. Further, the system of follow-up on a regional basis has allowed one to observe comparable results from other peripheral nerve centres, and, since the repatriation of prisoners of war, quite a number of cases have been seen wvhose nerves were sutured by our own R.A.M.C. officers, or by Belgian, French or German surgeons. So far no significant difference has bcen detected. From the physician's point of view this is satisfactory for it enables him to remain aloof from the discussion as to wvhether peripheral nerve injuries are properly the province of the orthopmedic surgeon, the neuro-surgeon or the general surgeon! The important point is that anyone chosen to do this work shouild be richly endowed with patience, and should have a lively interest in the case as a whole as well as in his nerve injury. This is a point which might well be borne in mind should it ever again be necessary to provide for the treatment of a large number of cases of this kind.
PIROGNOSIS AS REGARDS TiHE FUNCTION OF 1IHE PART INNERVIIITED
The distinction between the recovery of function in a nerve and the recoverv of function in the part innervated by it is important and we do well to remember that a peripheral nerve is a means to an end and not an end in itself. The function of the parts innervated by a peripheral nerve is esseiitially dependent upon mobilitv, and if mobility is lost beyondl restoration no amouint of recovery in a peripheral nerve will be of service to the patient, however gratifying it may be to his doctor. The prime object in the treatment of peripheral nerve injuLries is therefore the preservation throughouit of the most complete possible degree of mobility of every part of the limb affected, and mobility is more easily preserved than it is recovered if once it is lost. Of the factors predisposing towards immli7lobility perhaps the most common and important is splintage. It is obvious that in many limb injurics splintage is indispensable in the treatment of the associated injuries but the fewer splints that are used the better as far as the peripheral nerve injutry is concerned. A case canl be made out for the use of a short cock-up splint at the wrist in radial palsies, or a dorsiflexion splint for the ankle in sciatic and peroneal palsies and for shoulder abuLction splints in p)aralyses of the deltoid; but even these slnould not be worn continuously. No splint shouLld interfere with the full range of passive movements of the fingers anid tocs, wvhich shouLld be moved both actively and passively as much as possible from the ou.tset. Wlhere combined injuiries of the bones and peripheral nerves necessitate splintage, the immobilitv shouldt be reduced to the minlimMLM that is essential for the treatment of the bony condition. The otlher factor making for immobility is undoubtedly pain, a nd it is particularly in sexere lacerated xvouLnds of the forearm and the leg, *vhere movement of the digits cauises stretching of injured muscles that the most severc contractures take place. As regards the factors which preserve mobility: Active and passive moverrments carried out from the earliest possible time and continued througlhout the period of denervation are unquestionably the most important; such additional treatment as massage, heat and electrical stimula-tioIn are only auxiliary to this, though they may he of great value in restoring movement which has been lost. Onc has often been impressed in examining repatriated prisoners of war by the extraordinary mobility of their extremities, even several years after the injury. I have asked themiwhat treatmenlt they have received and the answer has usually been "none"! To the further question: "What have vou done for your hand (or leg)?" the answer has ofteni been : "The MO.. told me to keep movinig it---so I did." One may suspect that they were able to give a greater amouLnt of time to their condition than do those of their fellows who are subjected to the fLill rigours of occuipational therapy! It is a matter for regret hoxy often these simple instructions to the patient himself are omitted whlen they are tunder continuous hospital care.
Psychological factors. In the restoration of function of the part, as opposed to the recovery of the peripheral nerve, the patient's character and mental make-up play an important part. The recovery of peripheral nerve injuries is a long and tedious business and calls for much patienice and endecavour on the part of the patient. Those who are intelligent and enthusiastic and anxious to make a full recovety can contribute greatly to their oxvn improvement. In the presence of apathy, laziness or the desire to make the most of a disability for ullterior motives, no attempt to preserve function of a limb will prove successful and it is in this connexion perhaps that occupational therapy has its greatest value.
PROGNOSIS AS REGARDS FURTHEit ARMIY SERVICF
To get informatioll oni this suLbject an analysis has been made of those of our cases in which exploratory operationi vas conisidered necessary irrespective of whether nerve suture or simple neurolysis was carried out. All cases of officers and Naval and R.A.F. personnel have been excluded so that the results apply solely to the N.C.O.s and men in the Army.
There were altogether 143 such cases. Of these 125 were invalided out of the Armv from hospital. 18, of whom 14 were ulnars, were returned to duty in a lower category and of these a further 3 were placed in Cat. E dturing the ensuing year. It thus appears that a soldier or N.C.O. having a peripheral nerve injury sufficiently serious to require exploration has just over a 10% chance of being of further service to the Army in a lower category. This is a point which may be of some value in reaching an early decision as to disposal. SUMMARY It may seem that I have painted a rather sombre picture, particularly when we remember the opening words of the report of the MIedical Research Council of 1920 on the subject of peripheral nerve injuries -" Most cases of injury to the peripheral nervous system make a good recovery, provided that treatment is carried out systematically and over a long period of time" but I suggest we have been inclined to expect too much. We are apt to regard a peripheral nerve as a simple structure, perhaps from comparing it unconsciously with the central nervous system in all its complexity; but, in fact, a peripheral nerve is by no means a simple structure and if the results of nerve suture were compared with those of suture of the divided ureter or bile-duct or perhaps to the attempts at repair of an injured joint, the results might appear less unfavourable. One must accept the fact that there are degrees of injury to specialized tissue which nature is incapable of repairing, and our wonderment should lie not in the fact that so many cases do so badly but that any do so well.
The Effect of Delay on the Success of Nerve Suture By J. Z. YOUNG, M.A.
(Dept. of Zoology and Comparative Anatonmy, Oxford) THERE is abundant evidence that some degree of recovery can take place after a nerve has been sutured at long periods after injury. Perhaps because of this fact there has been a feeling that there is no great harm in waiting before operating on an injured nerve. The majority of cases, in this war as in the last, have been operated after considerable delay, probably usually after more than six months. There are possible advantages to be obtained by waiting to repair a nerve in the lhope of spontaneous recovery and to allow other tissues to heal, but we shall only be justified in delaying if it can be shown that the degree of recovery is equally satisfactory whatever the time of denervation. If we examine the various stages of recovery, however, we find reason to suppose that several of the processes which produce a full functional regenieration become much less active during the atrophy of denervation.
The actual power of outgrowth of nerve fibres from the central stump, the vis a tergo of Held remains little diminished even in a stump left unsutured more than a year (Holmes and Young, 1942) . According to our present ideas the putting out of new fibres is essentially a process of flowing of axoplasm from the tubes of the central stump, and there is no special reason to think that this power of flow would diminish with time.
The union between the apposed nerve stumps is ma(le chiefly by the activity of the cells of Schwann, groving ouLt from the peripheral stump. Abercrombie and Johnson (1942) have measured this power of wandering in stumps left to atrophy for various periods. They confirm Ingebrigsten (1916) in finding that Schwann cells do not migrate out from a piece of normal nerve explanted in vitro, but that in a severed nerve the power of movement increases rapidly from about the fourth day, reaching a maximum after the end of the third week and thereafter declining, at first rapidly, later more slowly. From these facts it is reasonal)le to expcct that nerve suture mav be most successful when performed some tvo or thrce weeks after injury. Holmes and Young (1942) fouind 
